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1 The challenge 
There are many new accelerators being designed or conceived around the world, and all of them bring 
their own challenges to the designer of their vacuum systems. Most are of conventional design and the 
ground rules are well established, but even so, care has to be taken so that design specifications are 
met. However, for some of the more adventurous accelerators there are a number of problems which 
remain to be solved and, doubtless, new hurdles will appear which will need to be overcome. Some of 
the challenges will be ones of scale, and others will be rather more fundamental. Other contributions 
to this School have given pointers to where many of these problems lie. 
The challenge which the design team will effectively present to the vacuum designer remains as 
it has always been, viz., to produce a vacuum system where the base pressure is (almost) zero; this 
pressure is reached in a few minutes; there is no space for pumps or gauges and the cost is very low! 
Fortunately, there are more realistic challenges which have the possibility of being met. 
In this summary, I shall simply outline some of the challenges on the current horizon. 
2 Ion stimulated desorption and electron cloud effects 
Heavy-ion machines, such as the FAIR project at GSI Darmstadt [1], and hadron machines, such as 
the LHC at CERN [2] may experience problems caused by ion desorption or electron cloud effects. 
Both of these problems are being extensively studied, but it is by no means clear that they have 
been solved. In each case, the mediating mechanism is secondary electron production at the surface of 
the vacuum vessels. Reduction of secondary electron yields is difficult and there are active 
programmes of research in place. One possible means of reducing yields is to produce surfaces where 
there is a high probability of secondary electrons quickly striking another part of the surface rather 
than escaping into the beam space. This could possibly be achieved by producing microtextured 
surfaces using techniques which are standard in the semiconductor industry. A typical example may be 
seen in Fig. 1. 
 
Fig. 1: An example of a microtextured surface  
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However, it is by no means clear that such coatings can be produced on a semi-industrial scale 
on the inner surfaces of vacuum vessels. Likewise it is not clear that they would actually work or that 
they would withstand the rigours of service life inside an operating machine. Nonetheless it is an area 
worth exploring. 
3 The challenge of large size 
Large machines such as the International Linear Collider (ILC) [3] are in the planning phase. This is a 
world collaboration project whose siting has yet to be determined.  It is an electron–positron collider 
of energy 200–500 GeV, later 1 TeV. A possible design is shown in Figs. 2 and 3.  
 
Fig. 2: Conceptual diagram of the ILC 
 
Fig. 3: Schematic of the ILC indicating its scale 
Such machines present considerable challenges simply because of their scale. By definition, 
large systems are large and contain many components, so sophisticated tracking of items through 
production and installation will be required. Quality control and assurance testing encompass not just 
materials and manufacturing procedures, which are relatively well understood, but also vacuum 
processing and acceptance tests, which may be less well defined. They will include leak testing, where 
the requisite specifications may challenge the technical state of the art, and also cleanliness where it 




In the vacuum design of such large systems, there will always be an economic argument to 
minimize numbers of pumps and vacuum diagnostics. The question to be addressed for diagnostics is: 
how much is enough to give the information we need? A careful analysis of what information is useful 
needs to be carried out at an early stage in the design. 
In the ILC, the linear accelerators are superconducting devices and the industrial production of 
so many superconducting radiofrequency cavities in a relatively short period of time is uncertain. Such 
cavities are usually electropolished and techniques will have to be developed for surface 
characterization of the finished devices for quality control. This will require an understanding of the 
surface conditioning necessary for them to achieve their desired performance. At present, this is an 
area not well understood and several different pragmatic recipes exist. Vacuum and surface scientists 
will need to be involved in elucidating the physical and chemical mechanisms underlying the 
conditioning to know what actually needs to be done. 
One interesting development here is the recent production of superconducting cavities from 
single crystals of niobium [4], which are felt to have superior properties. The question to be 
considered is that if this can be done for niobium, can it be done for other metals and if so, would they 
have superior, or at least more uniform, vacuum properties? This is a question for the future. 
4 Leak-testing large systems 
Leak-testing large installations is a time-consuming and difficult business, often because vacuum 
vessels are buried inside magnets and are relatively inaccessible. Here is a very speculative thought as 
to how a different technique may be used. Elsewhere in this School [5], H.F. Dylla discussed the work 
of J.P. Looney on optical laser interferometric techniques for measuring partial pressures of gases. 
Could such a technique be applied to leak detection by using a system tuned to a helium resonance to 
detect the plume of helium gas entering a vacuum system through a leak and using time domain 
reflectrometry techniques to locate the position of the plume?  
5 The challenge of small size 
Small vacuum systems present challenges of a different sort from large systems. There is pressure 
from accelerator designers to make beam tubes of smaller and smaller diameter and these of course 
require pumping to obtain good enough pressure levels for operation of the machine. The relatively 
new technique of NEG coating has been described in detail in this School [6] and the normal method 
of magnetron sputtering described. However, using this technique for very small diameter long tubes 
is technically very difficult. 
 
Fig. 4: A design for the positron source for ILC 
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In the ILC, one design of the positron source, shown in Fig. 4, uses a so-called helical undulator 
as source of polarized photons used to generate the positrons. The beam tube through this device is 
several hundred metres long and only 4 mm in diameter. Conventional pumping is totally inadequate 
to pump this to satisfactory pressure levels and it remains to be seen whether such a tube can be 
satisfactorily NEG coated by the conventional method of magnetron sputtering which will here be 
technically very difficult. 
There is a completely different sort of accelerator which is of very small size, the so-called 
wakefield accelerator. One project looking at this is Alpha-X—Advanced Laser-Plasma High-energy 
Accelerators towards X-rays [7]. 
The basic principle is illustrated in Fig. 5 with a schematic in Fig. 6. 
 
Fig. 5: The basic principle of a wakefield accelerator 
 
Fig. 6: A schematic of a wakefield accelerator 
The heart of the accelerator is the plasma channel, where ionized gas at a relatively high 
pressure is confined in a capillary channel of the order of a millimetre in transverse dimensions and a 
few centimetres in length. Although the pressure is a few millibar, the gas flow can be molecular, 
because of the small dimensions. The pressure of this gas has to be maintained while the tube is 
coupled to much lower pressures at each end. The role of outgassing in such a device is unclear. 
The properties of such a device from a vacuum point of view are rather similar to those found in 
some MEMS devices. 
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6 Concluding remarks 
I have tried to illustrate some of the currently known challenges for the vacuum scientist and engineer, 
although of course I cannot predict what interesting and unknown challenges lie ahead in this field. 
What I do know is that they will be there and they will provide interest and excitement for the vacuum 
scientist and engineer for many years to come. 
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